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Objective: To justify the utility of the Simplified Stroke 
Rehabilitation Assessment of Movement Instrument (S-
STREAM), we examined the discriminative, predictive and 
evaluative properties of the 3 subscales of the S-STREAM 
(i.e. upper-limb movements, lower-limb movements and mo-
bility) in patients after stroke.
Subjects: A total of 388 patients after stroke participated in 
this study. To examine the discriminative property, the pa-
tients were divided into 3 groups according to their Barthel 
Index scores. A comprehensive measure of activities of daily 
living was administered at 6 months after hospital discharge 
as an external criterion to examine the predictive property. 
Changes in the S-STREAM scores from the time of admis-
sion for rehabilitation, to hospital discharge, were used to 
examine the evaluative property.
Results: All pair-wise comparisons of mean scores among 
the 3 groups on the 3 subscales of the S-STREAM were sig-
nificant. The scores of the S-STREAM showed moderate to 
good correlations with the comprehensive activities of daily 
living scores. There were large changes in the 3 subscales of 
the S-STREAM.
Conclusion: All 3 subscales of the S-STREAM demonstrate 
good discriminative, predictive and evaluative properties in 
patients after stroke. These findings provide strong evidence 
that the S-STREAM is useful in measuring motor and mo-
bility function in patients after stroke.
Key words: psychometrics, stroke, simplified stroke rehabilita-
tion assessment of movement, Rasch analysis.
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INTRODUCTION

Since motor and mobility problems are very common in 
patients after stroke (1), assessment of motor and mobility 
in those patients is important in planning treatment, making 

a prognosis, and assessing recovery over time (2). Measures 
useful for assessing motor and mobility in both clinical and 
research settings should have 3 properties: discrimination, 
prediction and evaluation (3). The discriminative property 
of a measure is important in determining whether it can dif-
ferentiate between patient groups and identify differences 
in patients’ abilities (4). A predictive measure can be used 
to predict outcome or make a prognosis, help clinicians set 
treatment goals or discharge plans, and anticipate the need for 
home adjustments or community support (5, 6). An evaluative 
measure is useful for detecting the magnitude of longitudinal 
change over time in an individual or group (3, 7). Therefore, 
to ensure that a measure can be used properly in clinical and 
research settings, it is important to examine the discriminative, 
predictive and evaluative properties of the measure (3).

The Stroke Rehabilitation Assessment of Movement 
(STREAM) was developed as an outcome instrument to 
evaluate the motor and basic mobility function of patients 
after stroke (8). The STREAM consists of 3 10-item subscales: 
upper-limb movements, lower-limb movements, and mobility 
subscales (8). The psychometric properties of the STREAM 
are satisfactory in patients after stroke (2, 9, 10). However, 
since some items of the STREAM have been shown to be re-
dundant (11), and it would be useful to improve the efficiency 
of administration of this measure, the 30-item STREAM was 
shortened to produce the 15-item Simplified STREAM (S-
STREAM), with changes based on expert opinions and the 
results of multidimensional Rasch modelling (11).

The multidimensional Rasch model is an extension of the 
unidimensional Rasch model. The unidimensional Rasch model 
can be used to examine whether items from a scale measure 
a unidimensional construct through fit statistics and produce 
interval-level scores called logits (12). However, in practice, 
there are many instruments that contain multiple subscales 
that measure different dimensions. To compensate for this, the 
multidimensional Rasch model has been advocated recently 
(13). The multidimensional Rasch model can be used not only 
to determine the unidimensionality (a type of construct valid-
ity) of each domain of a measure but also to increase measure-
ment precision by simultaneously taking the correlations of 
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all subscales into account (13, 14). The higher the correlations 
among the subscales, the greater the measurement precision 
(i.e. reliability) (14). The multidimensional Rasch model 
can also be applied to the simplification of measures while 
maintaining measurement precision. Because the 3 subscales 
of the STREAM are highly correlated with each other (2), 
the multidimensional Rasch model was used to produce the 
S-STREAM (11). The S-STREAM has high reliability (Rasch 
reliability coefficient ≥ 0.91) and high concurrent validity with 
the STREAM (intraclass correlation coefficient (ICC) ≥ 0.99) 
in patients after stroke (11).

There are 2 advantages of the S-STREAM scores that 
come with using the multidimensional Rasch analysis: in-
terval scores, and the large number of estimates (i.e. levels 
of functions) of the patients’ motor and mobility functions. 
While the raw scores of the S-STREAM are ordinal, the 
Rasch transformed scores are interval and are reported in 
units called logits. Logits, which can be added, subtracted, 
multiplied and divided, are more useful and meaningful for 
comparison than ordinal scores. Thus, the interval Rasch 
scores of the 3 subscales of the S-STREAM (11) can more 
precisely quantify the motor and mobility functions than can 
the ordinal scores of the original form. In addition, because 
there are large numbers of estimates of the patients’ motor and 
mobility functions of the S-STREAM (e.g. 191 estimates in a 
previous study compared with 11 possible scores (0–10) of the 
raw scores of the upper-limb movement subscale) (11), these 
additional estimates might improve its psychometric properties 
(e.g. discriminative and evaluative properties). However, the 
discriminative, predictive and evaluative properties of the 3 
subscales of the S-STREAM have not been examined, which 
could limit understanding of its utility for documenting dif-
ferences, making prognoses and evaluating progress in motor 
and mobility function after stroke.

The purpose of this study was to examine the discriminative, 
predictive and evaluative properties of the 3 subscales of the 
S-STREAM in patients with stroke at 3 time points (at admis-
sion for rehabilitation, at hospital discharge and at 6 months 
after hospital discharge). We also compared these properties 
of the S-STREAM with those of the STREAM.

METHODS
This study had 3 parts. First, the discriminative property of the S-
STREAM was examined in the patients at 2 time points (i.e. admission 
for rehabilitation and hospital discharge). Secondly, the predictive 
property was examined to determine whether the patients’ scores on 
the S-STREAM at admission for rehabilitation and at hospital dis-
charge could predict comprehensive activities of daily living (C-ADL) 
function at 6 months after hospital discharge. Thirdly, the evaluative 
property of the S-STREAM was determined by examining the extent 
of the patients’ change scores between the time of admission for 
rehabilitation and hospital discharge.

Participants
Patients were recruited from the Departments of Physical Medicine 
and Rehabilitation at 5 hospitals in Taiwan between April 2004 and 
October 2005. The following criteria were used to determine whether 
patients could be included in this study: (i) first or recurrent onset of 

cerebrovascular accident without other major diseases (e.g. cancer, 
amputation, severe rheumatoid arthritis); (ii) stroke with hemiparesis 
or hemiplegia; (iii) ability to follow instructions to complete the 
measures; (iv) informed consent given personally or by proxy. The 
patients were excluded if they were discharged within one week of 
admission for rehabilitation. This study protocol was approved by a 
local Institutional Review Board.

Procedure
At admission for rehabilitation and at hospital discharge, the STREAM 
and the Barthel Index (BI) were administered to patients after stroke 
by one therapist from a group of 12 (3 physical therapists and 9 oc-
cupational therapists) who were experienced in using the measures. 
The inter-rater reliabilities of these raters on the 3 subscales of the 
STREAM (ICCs > 0.96) and the BI (ICC = 0.99) were satisfactory. The 
S-STREAM data were obtained from the full-length STREAM data 
of the same sample. In addition, at 6 months after hospital discharge, 
the BI and the Frenchay activities index (FAI) were administered to 
patients with stroke through telephone interview by an occupational 
therapist. The BI and the FAI scores were combined to represent the 
C-ADL function (15). Demographic characteristics and co-morbidity 
data for the participants were collected from medical records.

Instruments
STREAM. The STREAM consists of 30 items that are equally distrib-
uted among 3 subscales: upper-limb movements, lower-limb move-
ments and mobility (8). Limb movements are scored on a 3-point scale 
(0–1–2). Mobility items are scored on a 4-point scale (0–1–2–3) (8, 10). 
Thus, each of the 10-item limb subscales was scored out of 20 points, 
and the 10-item mobility subscale was scored out of 30 points. The 
psychometric properties (including the inter-rater reliability, intra-rater 
reliability, internal consistency, concurrent validity, convergent valid-
ity, discriminant validity, predictive validity and responsiveness) of the 
STREAM are satisfactory in patients with stroke (2, 9, 10). The raw 
scores of each subscale of the STREAM were used in this study.

S-STREAM. The S-STREAM also contains 3 subscales. Each of the 
subscales has 5 items retrieved from the STREAM (Appendix) (11). 
The scaling of each subscale is the same as that of the STREAM. The 
raw scores of each subscale of the S-STREAM can be transformed 
to Rasch scores (11) using a computer program (which can be down-
loaded at http://homepage.ntu.edu.tw/~clhsieh/s-stream/). Due to the 
use of the multidimensional Rasch model (13, 14), patients who, for 
example, have the same raw upper-limb movement scores but different 
lower-limb movement scores or mobility scores could have different, 
and thus increased, numbers of Rasch estimates for their upper-limb 
movement scores. The Rasch transformed scores of each subscale of 
the S-STREAM were used in this study.

BI. The BI was developed to assess ADL function in persons with 
neurological or musculoskeletal disorders (16). The BI comprises 10 
items of basic ADL (16). The total score range of the BI is 0–20 (17). 
A higher score indicates higher independence in basic ADL function. 
The psychometric properties of the BI in patients after stroke have 
been shown to be satisfactory (17–19). As in a previous study (20), the 
patients were classified into 3 levels of disability on the basis of their 
BI scores in this study, i.e. independent (BI = 19–20), mild to moderate 
disability (BI = 11–18), and severe disability (BI = 0–10).

FAI. The FAI (21) was developed to measure instrumental ADL and 
social activities following stroke. It comprises 15 items, and the total 
score ranges from 0 to 45. The FAI has been shown to be a reliable and 
valid measure of instrumental ADL in patients after stroke (22, 23).

C-ADL. The BI and the FAI scores can be combined to represent C-
ADL function, representing the entire continuum of disability (15). 
The C-ADL contains 10 items of the BI and 13 items of the FAI (15). 
In addition, the BI (24) and the FAI (25) are reliable and valid when 
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administered via telephone interview. The Rasch scores (logits) of the 
C-ADL proposed by Hsueh et al. (15) were used in this study.

Data analysis
Because the Rasch scores for each subscale of the S-STREAM and 
the total scores for each subscale of the STREAM have different score 
ranges, all scores were linearly transformed to a range of 0–100 (11). 
In addition, to facilitate comparison of the psychometric properties 
of the S-STREAM and the STREAM, we followed previous stud-
ies (9, 10) in using parametric statistical procedures to analyse the 
STREAM scores.

Discriminative property
A previous study showed that the STREAM can distinguish between 
different levels of disability (9). Thus, we examined the ability of 
the 3 subscales of the S-STREAM and the STREAM to discriminate 
between the 3 groups with different levels of disability according to 
their BI scores (independent, mild to moderate disability, and severe 
disability groups) (20) at admission for rehabilitation and at hospital 
discharge, respectively. Differences of mean scores among the 3 groups 
were tested with 1-way analysis of variance (ANOVA). All pair-wise 
comparisons of mean scores of the 3 subscales among 3 groups used 
the Tukey-Kramer test, where necessary. In addition, the floor and 
ceiling effects of the subscales of the S-STREAM and the STREAM 
were examined.

Predictive property
A previous study found that the STREAM at first week post-stroke 
can predict independence in ADL function at 3 months post-stroke 
(9). In this study, we examined whether the scores of the S-STREAM 
at admission for rehabilitation and at hospital discharge could predict 
the C-ADL function in patients after stroke at 6 months after hospital 

discharge. The associations between the 3 subscales of the S-STREAM 
and the C-ADL function were examined with the Pearson’s correlation 
coefficient (r), as well as the STREAM and the C-ADL. Correlations 
between 0 and 0.25 were considered to indicate low predictive ability 
of the measures; those between 0.25 and 0.5, fair predictive ability; 
those between 0.5 and 0.75, moderate to good predictive ability; and 
those greater than 0.75, good to excellent predictive ability (26).

Evaluative property
Various indicators have been proposed to examine the responsiveness 
of a measure, but there is no consensus on the preferred method (27, 
28). The paired t-test and the standardized response mean (SRM) are 
widely used for examination of responsiveness in the literature (27). 
The paired t-test focuses on the statistical significance of the observed 
change in the measure (27). The SRM, a type of effect size, is the ratio 
of mean observed change and standard deviation of the changed scores 
(27). These 2 indicators were used to examine the evaluative properties 
of the 3 subscales of the S-STREAM and the STREAM in this study. 
First, the SRMs of the S-STREAM and the STREAM were calculated 
based on the scores on both measures at admission for rehabilitation 
and at hospital discharge. According to Cohen’s criteria (29), an effect 
size greater than 0.8 is large, one of 0.5 to 0.8 is moderate, and one of 
0.2 to 0.5 is small. Second, a paired t-test was performed to examine 
the statistical significance of the changes in scores from admission for 
rehabilitation to hospital discharge.

RESULTS

Sample description
A total of 388 patients after stroke were recruited in this study 
and completed the first assessment (at admission for reha-

Table I. Demographic and clinical characteristics of participants.

Characteristic
All patients
(n = 388)

Patients who completed  
2 assessments 
(n = 195)

Patients who completed  
3 assessments
(n = 157)

Sex (men/women) (n) 259/129 130/65 107/50
Age (mean (SD)) (years) 64.7 (13.4) 63.4 (13.7) 62.8 (13.8)
Side of lesion, right/left (n) 221/167 109/86 85/72
Time from stroke onset to admission for rehabilitation (mean (SD)) (days) 44.8 (62.5) 53.0 (66.2) 54.6 (67.0)
BI scores at admission for rehabilitation (mean (SD)) 7.9 (5.7) 8.1 (5.9) 8.2 (6.0)
S-STREAM* scores at admission for rehabilitation (mean (SD))
Upper-limb subscale score 45.4 (33.9) 43.5 (31.6) 43.5 (31.6)
Lower-limb subscale score 44.7 (32.6) 43.0 (30.3) 43.2 (30.3)
Mobility subscale score 43.3 (29.8) 42.1 (27.6) 42.5 (27.5)
S-STREAM* scores at hospital discharge (mean (SD))
Upper-limb subscale score 54.4 (32.7) 54.1 (32.8)
Lower-limb subscale score 54.5 (31.6) 54.5 (31.6)
Mobility subscale score 54.6 (28.9) 55.1 (28.9)
STREAM* scores at admission for rehabilitation (mean (SD))
Upper-limb subscale score 46.8 (42.7) 43.3 (40.1) 42.8 (41.1)
Lower-limb subscale score 42.5 (38.1) 40.2 (36.3) 40.4 (36.5)
Mobility subscale score 39.2 (29.4) 38.2 (28.3) 38.6 (28.3)
STREAM* scores at hospital discharge (mean (SD))
Upper-limb subscale score 52.7 (41.4) 51.3 (41.8)
Lower-limb subscale score 51.9 (38.3) 51.4 (38.1)
Mobility subscale score 52.8 (29.5) 53.5 (29.5)
Interval between admission for rehabilitation and hospital discharge 
(mean (SD)) (days) 29.4 (14.0)
Interval between hospital discharge and 6 months after hospital discharge 
(mean (SD)) (days) 184.1 (7.3)

*The Rasch scores of the S-STREAM and the raw scores of the STREAM were linearly transformed to a 0–100 range. STREAM: Stroke 
Rehabilitation Assessment of Movement; S-STREAM: Simplified STREAM; SD: standard deviation; BI: Barthel index.
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bilitation), but 193 of these were lost to second assessment 
either because they were discharged directly from the wards 
without the therapists being informed or because the patients 
developed other major medical conditions. The remaining 195 
patients (50.3%) completed the second assessment at hospital 
discharge, and their data were analysed for this study. The 
scores of the 195 patients were found to be scattered entirely 
throughout the ranges of the 3 subscales of the STREAM, indi-
cating that the patients had a wide range of motor and mobility 
deficits. The mean baseline scores of the 3 subscales between 
the remaining 195 patients and the 193 patients lost at second 
assessment were not statistically different (p > 0.05), indicating 
that the motor and mobility functions of these 2 groups did not 
differ statistically. A telephone interview was conducted at 6 
months after hospital discharge. Thirty-eight (19.5%) out of 
the 195 patients were lost to follow-up because of incorrect 
contact information, unavailability or death. Demographic and 
clinical characteristics of the participants are shown in Table 
I. Their mean age was about 65 years, and 2/3 (66.8%) were 
male. The average time from stroke onset to admission for 
rehabilitation was 1.5 months. The mean baseline BI score of 
the patients was 7.9, indicating severe disability.

Discriminative property
Table II shows that the Rasch transformed scores of the 3 
subscales of the S-STREAM had neither a notable floor effect 
nor a notable ceiling effect at admission for rehabilitation or 
at hospital discharge. Furthermore, the extents of the floor 
and ceiling effects on the 3 subscales of the S-STREAM 
were all the same (e.g. the numbers of patients achieving the 
highest possible scores of the 3 subscales were all the same 
(i.e. 7) at admission for rehabilitation). Because of the use of 
the multidimensional Rasch analysis, only the patients who 
achieved the lowest or highest raw scores of all 3 subscales 
of the S-STREAM simultaneously (e.g. the raw scores of the 

3 subscales were all zero) had the lowest or highest Rasch 
transformed scores. In other words, the patients who achieved 
the above conditions were exactly those who had the lowest 
or highest Rasch transformed scores on each individual sub-
scale. Therefore, the same number of patients had the lowest 
or highest Rasch transformed scores of the 3 subscales of the 
S-STREAM.

In addition, it was noted that both the upper-limb and the 
lower-limb movement subscales of the STREAM showed 
notable floor and ceiling effects (13–33%) at admission for 
rehabilitation and at hospital discharge (Table II).

The patients were divided into 3 groups based on their BI 
scores. Table III shows the number in each group of disability 
level at admission for rehabilitation and at hospital discharge. 
At admission for rehabilitation, just over 2/3 (68%) of the 
patients had severe disability. At hospital discharge, about half 
(52%) of the patients had mild to moderate disability.

At admission for rehabilitation, all pair-wise comparisons 
of mean scores among 3 groups using the Tukey-Kramer test 
on the 3 subscales of the S-STREAM and the STREAM were 
statistically significant (p < 0.05), except that the differences 
between the independent group and the mild to moderate dis-
ability group on the upper-limb movement subscales of the 
STREAM (p = 0.24) were not statistically significant.

At hospital discharge, all pair-wise comparisons of mean 
scores among the 3 groups using the Tukey-Kramer test on the 3 
subscales of the S-STREAM and the STREAM were statistically 
significant (p < 0.05). The results indicate that the 3 subscales 
of the S-STREAM and the STREAM can discriminate patients 
with the 3 different levels of disability at hospital discharge.

Predictive property
Table IV shows that the scores of the 3 subscales of the 
S-STREAM at 2 different times had moderate to good cor-
relations with the C-ADL scores at 6 months after hospital 
discharge (Pearson’s r = 0.51–0.60). In addition, the scores of 
the upper-limb movement subscale of the STREAM showed 
fair correlations with the C-ADL scores at admission for re-
habilitation (Pearson’s r = 0.39) and at discharge (Pearson’s 
r = 0.45). The scores of the lower-limb movement and mobility 
subscales of the STREAM at the 2 different times showed mod-
erate to good correlations with the C-ADL scores (Pearson’s 
r = 0.51–0.62). The results indicate that the 3 subscales of 
the S-STREAM and the STREAM have acceptable predictive 
ability for C-ADL function.

Table III. The number in each group of disability level at admission for 
rehabilitation and at hospital discharge.

Independent 
group

Mild to moderate 
disability group

Severe disa
bility group

At admission for 
rehabilitation (n = 388)

19 105 264

At hospital discharge  
(n = 195)

18 101 76

Table II. Floor and ceiling effects of the S-STREAM and the STREAM 
at admission for rehabilitation (n = 388) and at hospital discharge 
(n = 195).

Admission for rehabilitation Hospital discharge

Scale
Floor effect
n (%)

Ceiling effect
n (%)

Floor effect
n (%)

Ceiling effect 
n (%)

S-STREAM* 28 (7.2) 7 (1.8) 4 (2.1) 3 (1.5)
STREAM
Upper-limb 
subscale 

127 (32.7) 88 (22.7) 41 (21.0) 51 (26.2)

Lower-limb 
subscale 

94 (24.2) 53 (13.7) 25 (12.8) 38 (19.5)

Mobility 
subscale

20 (5.2) 3 (0.8) 5 (2.6) 3 (1.5)

STREAM: Stroke Rehabilitation Assessment of Movement;  
S-STREAM: Simplified STREAM. 
*Only 1 set of values of the floor and ceiling effects of the S-STREAM 
is presented in this table since the values of the floor and ceiling effects 
of the 3 subscales of the S-STREAM are the same due to the use of the 
multidimensional Rasch model.
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Evaluative property
Table V shows that the evaluative properties of the 3 subscales 
of the S-STREAM were large from admission for rehabilita-
tion to hospital discharge (SRM = 0.90–1.06, p < 0.001). 
In addition, the evaluative properties of the upper-limb and 
lower-limb movement subscales of the STREAM were moder-
ate (SRM = 0.56 and 0.72, p < 0.001), and that of the mobility 
subscale of the STREAM was large (SRM = 1.00, p < 0.001) 
from admission for rehabilitation to hospital discharge.

DISCUSSION

For the sample of patients after stroke in the current study, 
the results show that the 3 subscales of the S-STREAM have 
good discriminative, predictive and evaluative properties. 
They suggest that the S-STREAM can enable both clinicians 
and researchers to identify, monitor and manage motor and 
mobility function after stroke.

Neither a floor effect nor a ceiling effect was found when 
the 3 subscales of the S-STREAM were applied to the sample 
of patients. Since the S-STREAM, using a multidimensional 

Rasch model incorporating information from all 3 subscales, 
produced more estimates of motor and mobility function 
for the patients than those of the original scoring scheme, 
fewer patients achieved the highest and lowest scores on the 
S-STREAM. In addition, the 3 subscales of the S-STREAM 
can discriminate differences in motor and mobility function 
in patients with 3 different levels of disability (independent, 
mild to moderate disability, and severe disability) at admission 
for rehabilitation and at hospital discharge. The ability of the 
S-STREAM to differentiate among the 3 groups reflects its 
clinical usefulness for distinguishing patients with stroke with 
different levels of disability.

In clinical settings, clinicians may rely on a measure with 
good predictive ability as their reference to determine ap-
propriate rehabilitation interventions and discharge plans for 
patients with stroke. Predictive validity is frequently obtained 
by computing correlation coefficients between 2 measures 
separated by the required time interval (30). In this study, the 
scores of the 3 subscales of the S-STREAM at admission for 
rehabilitation and at hospital discharge were moderately to 
highly associated with those of the C-ADL at 6 months after 
hospital discharge. These results indicate that the 3 subscales 
of the S-STREAM have good predictive validity for C-ADL 
function in patients with stroke. However, we did not control 
the possible covariates (e.g. cognition, postural control) when 
we examined the association between the STREAM and the 
C-ADL. The covariates may also contribute to predictions of 
the C-ADL function of patients. Further studies that control 
for covariates may be needed in order to further validate the 
predictive validity of the S-STREAM.

The evaluative properties are affected by the timing of the 
assessments. In this study, we examined how large changes can 
be detected by the S-STREAM in patients with stroke between 
admission for rehabilitation and hospital discharge (the mean 
interval was about one month). The average time from stroke 
onset to admission for rehabilitation of the patients was 1.5 
months. We expected changes in motor and mobility function 
in the stroke patients to occur over periods of 1.5 months to 2.5 
months after stroke onset. As the results show, the 3 subscales 
of the S-STREAM showed high responsiveness in detecting 
changes in the motor and mobility function of patients after 
stroke from the time of admission for rehabilitation to hospi-
tal discharge. In addition, the sample size of this study (195 
patients) appeared to have sufficient statistical power to detect 
changes (31, 32). These results provide strong evidence that 
the S-STREAM is a good outcome measure. Particularly, the 
responsiveness of the S-STREAM was similar to that of the 
STREAM. One possible explanation is that multidimensional 
Rasch analysis can create an interval scale of scores and a large 
number of estimates of patients’ functions (e.g. more levels of 
function), which allows us to detect change efficiently (14).

We also found that the discriminative, predictive, and evalu-
ative properties of the S-STREAM were comparable with those 
of the STREAM. Regarding the discriminative property, floor 
and ceiling effects were noted in the STREAM (13–33% of the 
patients), but not in the S-STREAM. Regarding the predictive 

Table IV. Relationships between the S-STREAM and the STREAM at 
2 different time points and C-ADL function at 6 months after hospital 
discharge (n = 157).

Predictive validity for C-ADL function

Scale

At admission  
for rehabilitation 
r (95% CI)

At hospital 
discharge 
r (95% CI)

S-STREAM
Upper-limb subscale 0.51* (0.37–0.65) 0.54* (0.41–0.68)
Lower-limb subscale 0.54* (0.41–0.67) 0.56* (0.43–0.69)
Mobility subscale 0.58* (0.45–0.71) 0.60* (0.47–0.73)

STREAM  
Upper-limb subscale 0.39* (0.24–0.53) 0.45* (0.31–0.59)
Lower-limb subscale 0.51* (0.38–0.65) 0.52* (0.39–0.66)
Mobility subscale 0.59* (0.46–0.71) 0.62* (0.50–0.75)

*p < 0.01.
STREAM: Stroke Rehabilitation Assessment of Movement; S-
STREAM: Simplified STREAM; C-ADL: comprehensive activities of 
daily living; CI: confidence interval.

Table V. Responsiveness of the S-STREAM and the STREAM between 
admission for rehabilitation and hospital discharge (n = 195).

Scale SRM Paired t-test

S-STREAM
Upper-limb subscale 0.90 12.57*
Lower-limb subscale 0.97 13.54*
Mobility subscale 1.06 14.79*

STREAM
Upper-limb subscale 0.56 7.89*
Lower-limb subscale 0.72 10.01*
Mobility subscale 1.00 14.00*

*p < 0.001.
STREAM: Stroke Rehabilitation Assessment of Movement; S-
STREAM: Simplified STREAM; SRM: standardized response mean.
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property, the upper-limb movement subscale of the STREAM 
showed fair correlations with the C-ADL scores, whereas the 
corresponding subscale of the S-STREAM showed moderate 
to good correlations. Regarding the evaluative property, the 
STREAM showed moderate to high responsiveness, whereas the 
S-STREAM showed high responsiveness in detecting changes 
in motor and mobility function in patients after stroke. The S-
STREAM, despite having only half the number of items of the 
STREAM, not only retained the ability to discriminate, predict 
and evaluate the motor and mobility function of patients after 
stroke, but in fact had somewhat better properties than the 
STREAM. This was mainly due to the fact that the large number 
of estimates of the patients’ motor and mobility function and 
the interval Rasch transformed scores of the S-STREAM con-
tributed to the good discriminative, predictive and evaluative 
properties of the S-STREAM in patients after stroke.

There are 3 advantages of using the S-STREAM in reha-
bilitation settings as routine motor and mobility assessments 
in patients after stroke. First, the S-STREAM has much fewer 
items (5 items for each of the 3 subscales) than the other instru-
ments commonly used in stroke patients for measuring motor 
and mobility function (e.g. the Fugl-Meyer motor scale (33) 
and Rivermead Mobility Index (34)). With fewer items, the 
S-STREAM improves efficiency of administration. Secondly, 
the S-STREAM is convenient for clinicians to use because it 
can be administered easily, as no special equipment is required. 
Third, the scores of the S-STREAM are interval scores, which 
allow clinicians directly to interpret and compare the change/
difference scores within/between patients.

There was a high attrition rate (49.7%), which might threaten 
the generalizability of our findings. However, we found that the 
upper-limb, lower-limb, and mobility deficits of the remaining 
195 patients and those of the 193 patients lost at second as-
sessment did not differ statistically. Furthermore, the scores of 
the 195 patients were found to cover the entire ranges of the 3 
subscales on the STREAM. Thus, the high attrition rate might 
not limit the generalizability of our findings. However, we 
excluded patients who were discharged within a week of admis-
sion. The level of disability of those excluded patients tended 
to be very mild. Furthermore, most (68%) of the participants 
had severe disability, based on their BI scores at admission 
for rehabilitation in this study. Thus, our results should not be 
generalized to patients with very mild stroke.

Two issues might concern the readers. The first issue might 
be the test-retest and inter-rater reliabilities of the S-STREAM. 
However, since the items of the S-STREAM were retrieved 
from the STREAM, the test-retest and inter-rater reliabilities 
of which have been shown to be satisfactory in patients with 
stroke (2, 10), the reliabilities of the S-STREAM are very 
likely to be acceptable. Secondly, the evaluative property 
of this study was to examine the ability of the S-STREAM 
to detect changes over time. However, whether the changes 
reach clinical importance (i.e. the minimal clinically important 
change) (35, 36) remains to be investigated. 

In summary, all 3 subscales of the S-STREAM demonstrate 
good discriminative, predictive and evaluative properties in 

patients with stroke in this study. The 3 properties of the S-
STREAM were somewhat better than those of the STREAM. 
The S-STREAM is recommended for assessing the motor and 
mobility function of patients after stroke in both clinical and 
research settings.

ACKNOWLEDGEMENTS

This study was supported by research grants from the National Science 
Council (NSC94-2314-B-002-078) and the National Health Research 
Institute (NHRI-EX95-9512PI).

REFERENCES

1.	Kelly-Hayes M, Robertson JT, Broderick JP, Duncan PW, Hershey 
LA, Roth EJ, et al. The American Heart Association Stroke Out-
come Classification. Stroke 1998; 29: 1274–1280.

2.	Wang CH, Hsieh CL, Dai MH, Chen CH, Lai YF. Inter-rater 
reliability and validity of the stroke rehabilitation assessment 
of movement (STREAM) instrument. J Rehabil Med 2002; 34: 
20–24.

3.	Kirshner B, Guyatt G. A methodological framework for assessing 
health indices. J Chronic Dis 1985; 38: 27–36.

4.	Brock KA, Goldie PA, Greenwood KM. Evaluating the effective-
ness of stroke rehabilitation: choosing a discriminative measure. 
Arch Phys Med Rehabil 2002; 83: 92–99.

5.	Hsieh CL, Sheu CF, Hsueh IP, Wang CH. Trunk control as an early 
predictor of comprehensive activities of daily living function in 
stroke patients. Stroke 2002; 33: 2626–2630.

6.	Kwakkel G, Wagenaar RC, Kollen BJ, Lankhorst GJ. Predicting 
disability in stroke – a critical review of the literature. Age Ageing 
1996; 25: 479–489.

7.	Deyo RA, Centor RM. Assessing the responsiveness of functional 
scales to clinical change: an analogy to diagnostic test performance. 
J Chronic Dis 1986; 39: 897–906.

8.	Daley K, Mayo N, Danys I, Cabot R, S W-D. The Stroke Rehabilita-
tion Assessment of Movement (STREAM): refining and validating 
the content. Physiother Can 1997; 269–278.

9.	Ahmed S, Mayo NE, Higgins J, Salbach NM, Finch L, Wood-Dau-
phinee SL. The Stroke Rehabilitation Assessment of Movement 
(STREAM): a comparison with other measures used to evaluate ef-
fects of stroke and rehabilitation. Phys Ther 2003; 83: 617–630.

10.	Daley K, Mayo N, Wood-Dauphinee S. Reliability of scores on 
the Stroke Rehabilitation Assessment of Movement (STREAM) 
measure. Phys Ther 1999; 79: 8–19; quiz 20–13.

11.	Hsueh IP, Wang WC, Wang CH, Sheu CF, Lo SK, Lin JH, et al. A 
simplified stroke rehabilitation assessment of movement instru-
ment. Phys Ther 2006; 86: 936–943.

12.	Bond TG, Fox CM. Applying the Rasch model: fundamental meas-
urement in the human sciences. Mahwah, New Jersey: Lawrence 
Erlbaum Associates, 2001.

13.	Briggs DC, Wilson M. An introduction to multidimensional meas-
urement using Rasch models. J Appl Meas 2003; 4: 87–100.

14.	Wang WC, Chen PH, Cheng YY. Improving measurement precision 
of test batteries using multidimensional item response models. 
Psychol Methods 2004; 9: 116–136.

15.	Hsueh IP, Wang WC, Sheu CF, Hsieh CL. Rasch analysis of 
combining two indices to assess comprehensive ADL function in 
stroke patients. Stroke 2004; 35: 721–726.

16.	Mahoney FI, Barthel DW. Functional evaluation: the Barthel Index. 
Md State Med J 1965; 14: 61–65.

17.	Collin C, Wade DT, Davies S, Horne V. The Barthel ADL Index: 
a reliability study. Int Disabil Stud 1988; 10: 61–63.

18.	Hsueh IP, Lee MM, Hsieh CL. Psychometric characteristics of the 

J Rehabil Med 39



460 Y.-W. Hsieh et al.

Barthel activities of daily living index in stroke patients. J Formos 
Med Assoc 2001; 100: 526–532.

19.	Hsueh IP, Lin JH, Jeng JS, Hsieh CL. Comparison of the psycho-
metric characteristics of the functional independence measure, 
5 item Barthel index, and 10 item Barthel index in patients with 
stroke. J Neurol Neurosurg Psychiatry 2002; 73: 188–190.

20.	Lindsberg PJ, Soinne L, Roine RO, Salonen O, Tatlisumak T, 
Kallela M, et al. Community-based thrombolytic therapy of acute 
ischemic stroke in Helsinki. Stroke 2003; 34: 1443–1449.

21.	Holbrook M, Skilbeck CE. An activities index for use with stroke 
patients. Age Ageing 1983; 12: 166–170.

22.	Piercy M, Carter J, Mant J, Wade DT. Inter-rater reliability of the 
Frenchay activities index in patients with stroke and their careers. 
Clin Rehabil 2000; 14: 433–440.

23.	Schuling J, de Haan R, Limburg M, Groenier KH. The Frenchay 
Activities Index. Assessment of functional status in stroke patients. 
Stroke 1993; 24: 1173–1177.

24.	Korner-Bitensky N, Wood-Dauphinee S, Siemiatycki J, Shapiro 
S, Becker R. Health-related information postdischarge: telephone 
versus face-to-face interviewing. Arch Phys Med Rehabil 1994; 
75: 1287–1296.

25.	Hsieh CL. Relability and Validity of the Frenchay Activities Index. 
Tzu Chi Med J 1997; 9: 123–130.

26.	Colton T. Statistics in Medicine. Boston, MA: Little, Brown and 
Co.; 1974.

27.	Husted JA, Cook RJ, Farewell VT, Gladman DD. Methods for 
assessing responsiveness: a critical review and recommendations. 
J Clin Epidemiol 2000; 53: 459–468.

28.	Wallace D, Duncan PW, Lai SM. Comparison of the responsiveness 
of the Barthel Index and the motor component of the Functional 
Independence Measure in stroke: the impact of using different 
methods for measuring responsiveness. J Clin Epidemiol 2002; 
55: 922–928.

29.	Cohen J. Statistical power analysis for the behavior sciences. 2nd 
edn. New York: Academic Press; 1988.

30.	Ottenbacher K. Methodological issues in measurement of func-
tional status and rehabilitation outcomes. In: Dittmar S, Grresham 
G, editors. Functional assessment and outcome measures for the 
rehabilitation health professional. Maryland: Aspen Publisher, 
1997; p. 17–26.

31.	Hopkins WG. Measures of reliability in sports medicine and sci-

ence. Sports Med 2000; 30: 1–15.
32.	Portney LG, Watkins MP. Foundations of clinical research: ap-

plications to practice. 2nd edn. New Jersey: Prentice-Hall; 2000.
33.	Fugl-Meyer AR, Jaasko L, Leyman I, Olsson S, Steglind S. The 

post-stroke hemiplegic patient. 1. A method for evaluation of 
physical performance. Scand J Rehabil Med 1975; 7: 13–31.

34.	Collen FM, Wade DT, Robb GF, Bradshaw CM. The Rivermead 
Mobility Index: a further development of the Rivermead Motor 
Assessment. Int Disabil Stud 1991; 13: 50–54.

35.	Crosby RD, Kolotkin RL, Williams GR. Defining clinically mean-
ingful change in health-related quality of life. J Clin Epidemiol 
2003; 56: 395–407.

36.	Hsieh YW, Wang CH, Wu SC, Chen PC, Sheu CF, Hsieh CL. 
Establishing the minimal clinically important difference of the 
Barthel Index in stroke patients. Neurorehabil Neural Repair 2007; 
21: 233–238. 

APPENDIX. The 15 items of the Simplified Stroke Rehabilitation 
Assessment of Movement.

5 items of the upper-limb movement subscale.
•	 Elbow extension while supine
•	 Scapular protraction
•	 Making a fist
•	 Raising arm to fullest elevation
•	 Fingers total extension
5 items of the lower-limb movement subscale:
•	 Knee extension while sitting
•	 Hip flexion while sitting
•	 Knee flexion while sitting
•	 Plantarflexion while sitting
•	 Dorsiflexion while standing
5 items of the mobility subscale:
•	 Rolling
•	 Supine to sitting
•	 Sitting to standing
•	 10-metre walk
•	 Walking down 3 stairs
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